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Primer Note
Development anD evaluation of microsatellite markers for the critically enDangereD birch Betula chichiBuensis (betulaceae) 1 Yuji igarashi 2 , hiroki aihara 3 , Yoshihiro haNda 3,5 , hiroshi katsumata 3,5 , masaNori Fujii 4 , koichiro NakaNo 3,5 , aNd toshihide hirao 2, 6 • Premise of the study: Microsatellite markers were developed and characterized for the critically endangered birch Betula chichibuensis (Betulaceae) to investigate the genetic structure of this species for conservation purposes.
• Methods and Results: Sixteen microsatellite markers with di-, tri-, and tetranucleotide repeat motifs were developed and optimized using MiSeq paired-end sequencing. Of these, 14 were polymorphic, with two to five alleles per locus, in 47 individuals from two newly discovered populations of B. chichibuensis in Japan. Observed and unbiased expected heterozygosities per locus ranged from 0.000 to 0.617 and from 0.000 to 0.629, respectively. These markers were tested for cross-species amplification in B. maximowicziana, B. platyphylla var. japonica, and B. schmidtii.
• Conclusions: This set of microsatellite markers, the first developed for B. chichibuensis, will help elucidate spatial patterns of gene flow and levels of inbreeding in this species to aid its conservation.
Key words: Betula chichibuensis; Betulaceae; conservation genetics; critically endangered species; microsatellites; MiSeq sequencing. doi:10.3732/apps.1700016 http://www.bioone.org/loi/apps 2 of 4 DRA005642). Raw reads with quality scores less than 20 and lengths shorter than 20 bp were filtered using Sickle version 1.33 (Joshi and Fass, 2011) . De novo assembly using Velvet version 1.2.10 ( Zerbino and Birney, 2008) produced 204,911 contigs, where parameters were set as k-mer as 91, auto coverage cut-off, and minimum contig length of 300. The data sets were collated and filtered in QDD version 3.1 (Meglécz et al., 2014) to generate sequences containing microsatellites and to design PCR primers. A total of 125 perfect microsatellite loci consisting of di-, tri-, tetra-, penta-, and hexanucleotide repeat motifs were identified according to the following parameters: GC content of 40-60%, a melting temperature of 57°C to 63°C, and a maximum difference of 2°C between forward and reverse primers.
Microsatellite marker screening-For initial screening, of the 125 loci identified, 56 were selected based on repeat number and fragment size. For these loci, PCR amplification and polymorphism were tested using 10 samples. Individual primer pairs were assayed in 10-μL reaction mixtures containing 4 ng of genomic DNA, 0.05 μM of M13-21-tagged (5′-TGTAAAACGACGGCCAGT-3′) forward primer, 0.2 μM of reverse primer, 0.2 μM of universal primer labeled with 6-FAM fluorescent dye (Applied Biosystems, Foster City, California, USA), 0.2 μL of PrimeSTAR GXL DNA polymerase (TaKaRa Bio Inc., Tokyo, Japan), 2 μL of 5× PrimeSTAR GXL Buffer, and 0.2 mM of dNTP mixture. Thermal cycling conditions consisted of 98°C for 5 min; followed by 38 cycles of 98°C for 20 s, touchdown annealing (65°C for four cycles, 63°C for four cycles, 60°C for 20 cycles, and 53°C for 10 cycles) for 20 s, and 68°C for 40 s; and a final step of 68°C for 2 min. Based on the test results, 16 primer pairs were selected (Table 1) .
Polymorphism of the 16 markers was examined in 47 samples from the two distinct WF and OC populations (Appendix 1). Following a modified version of the efficient genotyping method described by Blacket et al. (2012) , locus-specific forward primers were tagged with 5′ sequences (Table 1) , while universal primers were labeled with different fluorescent dyes (6-FAM, VIC, NED, or PET; Applied Biosystems). Two sets of 8-plex PCR amplifications were performed in 10-μL reaction mixtures containing 10 ng of genomic DNA, 0.05 μM of forward primer, 0.2 μM of reverse primer, 0.2 μM of fluorescently labeled primer, 0.5 μL of Prime-STAR GXL DNA polymerase (TaKaRa Bio Inc.), 2 μL of 5× PrimeSTAR GXL Buffer, and 0.3 mM of dNTP mixture. To obtain high-quality amplification product, a modification of the touchdown PCR procedure of Korbie and Mattick (2008) was carried out using the following cycling conditions: 98°C for 5 min; followed by 50 cycles of 98°C for 30 s, touchdown annealing (63°C to 57°C [decreasing 1°C every two cycles] for 14 cycles, 56°C for 15 cycles, 53°C to 51°C [decreasing 1°C every two cycles] for six cycles, and 50°C for 15 cycles) for 90 s, and 68°C for 40 s; and a final step of 68°C for 15 min. Finally, 1 μL of PCR product was mixed with 0.5 μL of GeneScan 600 LIZ Size Standard (Applied Biosystems) and 8.5 μL Hi-Di formamide (Applied Biosystems) and sequenced on an ABI 3730xl DNA Analyzer (Applied Biosystems). Genotypes were scored by analyzing fragment sizes using Peak Scanner version 2.0 (Applied Biosystems).
Microsatellite marker evaluation-Descriptive statistics were computed for the assayed markers using CERVUS version 3.0.7 (Kalinowski et al., 2007) . Of the 16 loci tested, 14 were polymorphic, with two to five alleles per locus detected across 47 individuals from the WF and OC populations ( Table 2 ). The mean number of alleles per locus was 2.438, with mean observed and unbiased expected heterozygosities per locus of 0.327 (0.000-0.617) and 0.350 (0.000-0.629), respectively. The mean number of alleles per locus was 2.250 in the WF population and 2.313 in the OC population. For the WF population, mean observed and unbiased expected b Sequences of fluorescent labels were as follows: FAM1 = 5′-TGTAAAACGACGGCCAGT-3′ (M13-21), VIC1 = 5′-CGCATTCTCATTGCATAC-3′ (CMVFw), NED1 = 5′-ATGCTAGTTATTGCTCAG-3′ (pBAD-F), PET1 = 5′-CAGTAATCAGCTATGACG-3′ (M13-P5), FAM2 = 5′-TGTAAAACGACAGATCGT-3′ (modified M13-21), VIC2 = 5′-CGCATTCTCAACTCTATG-3′ (modified CMV-Fw), NED2 = 5′-ATGCTAGTTATCTGCAGT-3′ (modified pBAD-F), PET2 = 5′-CAGTAATCAGGATCTGAC-3′ (modified M13-P5). Note: A = number of alleles; H e = unbiased expected heterozygosity; H o = observed heterozygosity; n = number of individuals sampled; Null = null allele frequency estimate.
a Voucher and locality information are provided in Appendix 1. b No significant deviation from Hardy-Weinberg equilibrium was detected (P < 0.05).
heterozygosities per locus were 0.285 (0.000-0.652) and 0.295 (0.000-0.641), respectively; for the OC population, the corresponding values were 0.367 (0.000-0.708) and 0.367 (0.000-0.681). GENEPOP version 4.2 (Rousset, 2008) was used to test for deviations from Hardy-Weinberg equilibrium. No significant deviations (P < 0.05) were observed at any of the loci in either population. Null allele frequency estimates were nearly zero or negative except for Bcc10 and Bcc25 in the WF population and Bcc50 in the OC population. Cross-amplifications were carried out to test marker transferability to closely related species (Appendix 1). Polymorphic variation was detected at six loci in B. maximowicziana and B. platyphylla var. japonica and at seven loci in B. schmidtii (Table 3) . These results are consistent with the close phylogenetic relationship of B. chichibuensis and B. schmidtii (Wang et al., 2016) .
CONCLUSIONS
We developed 16 microsatellite markers for the critically endangered birch B. chichibuensis using MiSeq paired-end sequencing. These markers will facilitate understanding of spatial patterns of gene flow and levels of inbreeding, information essential for the conservation of the small isolated populations of this species. Some of the markers were successfully transferred to closely related Betula species. 
